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INTRODUCTION
The Information Sciences and Human Factors (IS&I-IF) Division is one of the five divisions that comprise
NASA's Office of Aeronautics and Space Technology (OAST). This division sponsors research in both
aeronautical and space technology. This Annual Report documents the most significant accomplishments
during the past year. Each year, the Annual Report is prepared to serve as the primary mechanism for
coordinating NASA activities with industry and industrial IR&D managers. This document is also intended
to communicate significant technical accomplishments to NASA technologists, project engineers, other govern-
ment agencies and academia.
The IS&HF Program consists of seven major elements: Automation and Robotics, Computer Sciences, Com-
munications, Controls and Guidance, Data Systems, Human Factors, and Sensor Technology. Accomplishments
are presented in all seven categories: Controls and Guidance and Human Factors are shown in two sections,
Space and Aeronautics. Total program funding, including civil service manpower costs, for FY88 is shown
below.
Element Aero ($M) Space ($M) Total R&D ($M)
Automation and Robotics
Communications Systems
Computer Science
Controls and Guidance
Data Systems
Human Factors
Sensor Technology
16.7
30.4
24.7
31.3 31.3
8.5 8.5
6.5 23.2
6.3 36.7
13.2 13.2
5.2 29.9
16.0 16.0
The NASA Civil Space Technology Initiative (CSTI) will be initiated in FY88 with the goal of revitalizing
the nation's civil space technology capabilities and enabling more efficient, reliable and less cosily space
transportation and earth orbit operations. The IS&I-IF Division will have focused CSTI technology activities
in High Speed/Capacity Data Systems, Science Sensors, Automation and P,ob_cs. Funding for these activities
are included above. In FY89 another new initiative, Pathfinder, is being planned. The objective of Pathfinder
will be to develop and validate critical enabling technologies for furore exploration missions. It is anticipated
Pathfinder will include focused Information Sciences and Human Factors activities in Planetary Rover
Technology, Optical Communications, Human Factors/Life Support, Automated Rendezvous and Docking,
Adaptive Hazard Avoidance Landing, and Photonic Systems.
To aid in the communication of program efforts, the names and phone numbers of Headquarters program
managers are included in this report along with the names and phone numbers of the key center technologists
who conducted or managed the significant technology activities.
DIVISION DIRECTOR: Lee Holcomb, (202) 453-2747
DEPUTY DIRECTOR: Ray Hood, (202) 453-2745
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Automation and Robotics
OAST created the Civil Space Technology Initiative (CSTI) as a flve-year effort
to improve by an order of magnitude NASA space technology. Of particular
concern has been the cost of NASA ground and flight operations, such that the
CSTI program has focused significant resources on development and demonstration
of automation and robotics technologies for space applications. Artificial
Intelligence and Telerobotlcs when applied to the space environment have the
capability to significantly improve productivity and enhance safety, as well as
reduce the cost of NASA operations.
The automation and robotics program is divided into two areas, with Autonomous
Systems focusing on the automation of control systems for the Space Station and
mission operations and Telerobotics focusing on automation for in-space
servicing, assembly, and repair. Each has a planned sequence of integrated
demonstrations showing the evolutionary advance of the state-of-the-art.
Applications demonstrations are planned at NASA Mission Centers for the
transfer of the technology into the operations environment. Underlying the
demonstrations are five research areas that will develop expertise in: sensing
and perception; planning and reasoning; control execution; operator interface;
and systems architecture and integration. Coordination with DARPA's A&R
program is achieved since NASA acts as a DARPA agent. Memoranda of
Understanding have been developed with Space Station for the transfer of OAST
developed technologies to the Flight Telerobotlc Servicer and the Thermal and
Power Control Systems.
FY87 has seen the establishment, and significant initial accomplishments of the
A&R program. The Telerobotics Program has achieved a major milestone towards
completion of their first major technology demonstration through the vision-
based tracking of a spinning satellite (once it is initialized by a human-
guided graphic overlay), and the synchronized positioning of the manipulator
arms. Three applications demonstrations were completed using the Beam Assembly
Teleoperator. The applications were: assembling beam elements into a space
structure; using a general control structure for coordinated movement of
multiple robot arms; and using the Oak Ridge National Laboratory's teleoperated
manipulator to recreate the Access experiment. The Autonomous Systems Program
has achieved a major milestone towards the Space Station Thermal Control Expert
System technology demonstration through the completion of System Build I which
has led to the development of the Model Tool Kit. Accomplishments toward
completion of applications demonstrations have occurred with the development of
an operational readiness prototype expert system for the monitoring of the
Shuttle communications systems and initial integration of the KATE and GMODS
for diagnostics and control of the Shuttle Environmental Control System.
Major research goals were accomplished in the areas of: operator interface;
systems architecture and integration; and planning and reasoning. In the
operator interface element higher-performance force reflecting hand controllers
and triggers were tested for teleoperation. In the systems architecture and
integration element, the first design of the spaceborne symbolic processor was
completed with a reconfigurable, radiation resistant, fault-tolerant
architecture. In the planning and reasoning element, a collaborative effort
with DARPA began on research of intelligent communicating agents while the
Autoclass probabilistic reasoning system produced striking new classes of
spectral objects when applied to IRAS data.
In addition to the CSTI technologies, OAST has Been reviewing the technology
requirements for future planetary and lunar missions, and has packaged these
into the new initiative called Pathfinder. In the area of exploration a
significant amount of automation and robotics research will Be focused on the
development of a planetary rover that would act in the place of humans in the
scientific discovery of the moon and Mars - semi-autonomously, with only
occasional communication and direction from Earth. This is a challenging
problem in that the rover would effectively be a mobile laboratory with its own
instrumentation, tools and intelligence for self-navlgatlon, and rock sample
acquisition and analysis. This development effort is a requirement unique to
NASA, and it will build on the in-house expertise in automation and robotics
which has resulted from the CSTI program.
PROGRAM MANAGER= Dr. Melvin Montemerlo
NASA/OASTIRC
Washington, DC 20546
(202) 253-2744
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r
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r
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o
p
e
r
a
ting
c
o
nditions
which
impacts
c
a
thode
t
ube
r
eliability
a
nd
lifetime)
t
o
g
e
n
e
ric
r
e
s
e
a
r
ch
o
n
the
dynamics
of
electron
beams
a
nd
circuits
(for
e
x
ploitation
in
v
a
rious
micro-
a
nd
millimeter
w
a
v
e
t
ube
devices).
W
o
rk
is
also
p
e
rformed
o
n
advanced
I
I
I
-
V
s
e
miconductor
m
a
t
e
rials
a
nd
devices
for
u
s
e
in
m
o
n
olithic
integrated
a
n
alog
circuits
(used
in
adaptive,
p
r
o
g
r
a
m
m
able
phased
a
r
r
a
y
s
for
microwave
a
n
t
e
n
n
a
feeds
a
nd
r
e
c
eivers)
-
o
n
the
u
s
e
of
electro-
m
a
g
n
e
tic
theory
in
a
n
t
e
n
n
a
s
a
nd
o
n
t
e
chnology
n
e
c
e
s
s
a
r
y
for
e
v
e
n
t
u
al
e
m
ployment
of
lasers
for
free
s
p
a
c
e
c
o
m
m
u
nications
for
future
low
e
a
r
th,
g
e
o
s
t
a
tionary
a
nd
deep
s
p
a
c
e
missions
r
e
q
uiring
high
data
r
a
t
e
s
with
c
o
r
r
e
s
p
o
nding
directivity
a
nd
r
eliability.
P
R
O
G
R
A
M
M
A
N
A
G
E
R
:
M
a
r
tin
M
.
Sokoloski
N
ASA/OAST/RC
W
a
shington,
D
C
20546
(202)
453-2748
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C
o
m
p
u
t
e
r
Sciences
N
89-18400
The
C
o
m
p
u
t
e
r
Science
P
r
o
g
r
a
m
p
r
o
vides
advanced
c
o
n
c
e
p
t
s
,
t
e
chniques,
s
y
s
t
e
m
a
r
chitectures,
algorithms
a
nd
s
oftware
for
both
s
p
a
c
e
a
nd
a
e
r
o
n
a
u
tics
information
s
ciences
a
nd
c
o
m
p
u
t
e
r
s
y
s
t
e
m
s
.
The
o
v
e
r
all
g
o
al
of
the
C
o
m
p
u
t
e
r
Science
R
e
s
e
a
r
ch
P
r
o
g
r
a
m
is
t
o
p
r
o
vide
the
t
e
chnical
foundation
within
N
AS
A
for
the
advancement
of
c
o
m
p
u
ting
t
e
chnology
in
a
e
r
o
s
p
a
c
e
a
p
plications.
This
g
o
al
will
be
r
e
alized
through
a
p
r
o
g
r
a
m
of
basic
r
e
s
e
a
r
ch
a
nd
e
x
p
e
rimentation
which
focuses
o
n
developing
c
o
r
e
skills
within
the
A
g
e
n
c
y
in
disciplines
c
ritical
t
o
N
ASA
a
nd
o
n
m
aintaining
a
s
t
r
o
ng
u
niversity
base
of
fundamental
r
e
s
e
a
r
ch
in
a
e
r
o
s
p
a
c
e
c
o
m
p
u
t
e
r
s
cience.
The
r
e
s
e
a
r
ch
p
r
og
r
am
is
improving
the
s
t
a
t
e
of
knowledge
of
fundamental
a
e
r
o
s
p
a
c
e
c
o
m
p
u
ting
p
rinciples
a
nd
advancing
c
o
m
p
u
ting
t
e
chnology
in
s
p
a
c
e
a
p
plications
s
u
ch
a
s
s
oftware
e
ngineering
a
nd
information
e
x
t
r
a
c
tion
from
data
c
ollected
by
s
cientific
instruments
in
s
p
a
c
e
.
E
m
phasis
is
being
placed
o
n
p
r
oducing
highly
r
eliable
s
oftware
for
c
ritical
s
p
a
c
e
a
p
plications.
The
p
r
og
r
am
includes
the
development
of
s
p
e
cial
algorithms
a
nd
t
e
chniques
t
o
e
x
ploit
the
c
o
m
p
u
ting
p
o
w
e
r
p
r
o
vided
by
high
p
e
rformance
p
a
r
allel
p
r
o
c
e
s
s
o
r
s
a
nd
s
p
e
cial
p
u
r
p
o
s
e
a
r
chitectures.
P
r
oblem
a
r
e
a
s
of
importance
include
c
o
m
p
u
t
a
tional
fluid
dynamics,
c
o
m
p
u
t
a
tional
chemistry,
s
t
r
u
c
t
u
r
al
a
n
alysis,
signal
p
r
o
c
e
s
sing
a
nd
image
p
r
o
c
e
s
sing.
The
c
o
m
p
u
t
e
r
a
r
chitectures
of
interest
include
c
o
m
m
o
n
a
nd
local
m
e
m
o
r
y
m
ultlprocessors,
single-instruction
s
t
r
e
a
m
m
ultiple
data
s
t
r
e
a
m
p
r
o
c
e
s
s
o
r
s
,
s
t
a
tic
data
flow
p
r
o
c
e
s
s
o
r
s
,
s
y
s
t
olic
a
r
r
a
y
s
a
nd
heterogeneous
m
ultiprocessors
with
c
u
s
t
o
m
p
r
o
c
e
s
s
o
r
s
.
R
e
s
e
a
r
ch
is
c
o
nducted
in
p
r
o
g
r
a
m
ming
languages
a
nd
e
n
vironments,
p
a
r
allel
a
nd
distributed
o
p
e
r
a
ting
s
y
s
t
e
m
s
a
nd
p
e
rformance
m
e
a
s
u
r
e
m
e
n
t
s
.
R
e
s
e
a
r
ch
is
being
c
o
nducted
in
the
fundamentals
of
data
base
logic.
This
w
o
rk
has
r
e
s
ulted
in
the
development
of
a
c
o
m
m
o
n
u
s
e
r
interface
for
a
c
c
e
s
sing
data
from
s
e
v
e
r
al
data
bases
e
v
e
n
when
the
data
bases
being
a
c
c
e
s
s
ed
have
v
e
r
y
different
s
t
r
u
c
t
u
r
e
s
.
This
w
o
rk
p
r
o
vides
the
foundation
that
will
e
n
able
N
ASA
s
p
a
c
e
data
u
s
e
r
s
a
c
c
e
s
s
t
o
m
ultiple
data
bases
independent
of
their
physical
distribution
o
r
s
t
r
u
c
t
u
r
e
.
This
w
o
rk
will
r
educe
the
c
o
s
t
of
s
u
ch
investigations
a
nd
e
n
able
data
base
intensive
s
cientific
r
e
s
e
a
r
ch
that
w
o
uld
o
therwise
be
u
n
affordable.
O
ther
w
o
rk
is
u
nderway
t
o
develop
a
nd
t
e
s
t
a
n
e
x
p
e
r
t
s
y
s
t
e
m
that
c
a
n
s
e
r
v
e
a
s
a
n
a
s
sistant
t
o
r
e
s
e
a
r
chers
a
n
alyzing
s
p
a
c
e
derived
data.
R
e
s
e
a
r
ch
is
being
c
o
nducted
t
o
improve
t
e
chniques
for
p
r
oducing
r
eliable
c
o
m
p
u
ting
s
y
s
t
e
m
s
.
That
w
o
rk
is
directed
a
t
both
r
educing
the
n
u
mber
of
faults
in
s
oftware
a
nd
m
aking
s
y
s
t
e
m
s
that
a
r
e
t
olerant
t
o
faults.
N
e
w
a
p
p
r
o
a
ches
a
nd
m
e
thods
for
s
oftware
m
a
n
a
g
eme
n
t
a
nd
e
n
gineering
have
been
devised
a
nd
a
r
e
n
o
w
being
e
v
aluated
u
nder
r
e
al
w
o
rking
c
o
nditions.
F
u
t
u
r
e
objectives
in
a
n
e
w
s
oftware
e
n
gineering
initiative
will
include
r
e
s
e
a
r
ch
o
n
the
theoretical
foundation,
a
nd
e
x
t
e
nding
a
nd
e
v
aluating
a
p
p
r
o
a
ches
for
developing
r
eliable
c
o
m
plex
s
oftware.
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The
C
o
m
p
u
t
e
r
Sciences
P
r
o
s
r
a
m
is
c
o
o
rdinated
with
the
Space
Station's
Software
Support
E
n
vironment
(SSE)
a
nd
the
D
O
D
s
p
o
n
s
o
r
ed
Software
E
n
gineering
I
n
s
titute
(SEI)
a
nd
A
D
A
.
N
A
S
A
also
p
a
r
ticipates
with
D
O
D
o
n
s
e
v
e
r
al
advisory
a
nd
t
e
chnical
c
o
m
mittees.
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C
o
n
t
r
ols
a
nd
G
uidance
-
A
e
r
o
n
a
u
tics
The
o
v
e
r
all
objective
of
the
A
e
r
o
n
a
u
tics
C
o
n
t
r
ols
a
nd
G
uidance
P
r
o
g
r
a
m
is
t
o
p
r
o
vide
a
v
alidated
t
e
chnology
base
leading
t
o
the
development
a
nd
e
x
ploitation
of
n
e
w
c
o
n
c
e
p
t
s
,
a
n
alysis
a
nd
design
m
e
thodologies,
a
nd
flight
s
y
s
t
e
m
s
for
future
civil
a
nd
military
aircraft.
This
will
p
r
o
vide
increased
efficiency,
effectiveness,
r
eliability,
a
nd
s
afety.
The
p
r
ogram
is
o
rganized
into
g
ene
ric
elements
a
nd
v
ehicle-specific
elements.
The
generic
elements
a
r
e
C
o
n
t
r
ol
Theory,
G
uidance
a
nd
Display
C
o
n
c
e
p
t
s
,
a
nd
Flight
C
r
u
cial
Systems.
V
ehicle-specific
elements
a
r
e
G
e
n
e
ric
H
y
p
e
r
s
o
nics
,
Subsonic
T
r
a
n
s
p
o
r
t/Commuter/General
A
viation,
R
o
t
o
r
c
r
aft,
a
nd
Fighter/Attack.
R
e
s
e
a
r
ch
in
the
C
o
n
t
r
ol
Theory
element
is
directed
t
o
w
a
rd
the
improved
flight
c
o
n
t
r
ol
a
n
alysis
a
nd
design
m
e
thodologies
for
highly
integrated,
r
obust
flight
c
o
n
t
r
ol
designs.
These
will
a
c
c
o
u
n
t
for
s
t
r
o
ngly
c
o
u
pled,
n
o
nlinear
plant
dynamics.
T
o
develop
a
n
u
nderstanding
of
the
dynamics
of
n
e
w
v
ehicles,
s
u
ch
a
s
VSTOL
a
nd
High
Alpha
r
e
s
e
a
r
ch
v
ehicles,
s
y
s
t
e
m
a
nd
p
a
r
a
m
e
t
e
r
identification
m
e
thods
a
r
e
being
developed.
E
m
e
r
ging
t
e
chnologies,
s
u
ch
a
s
a
r
tificial
intelligence,
a
r
e
u
s
ed
in
developing
n
e
w
a
p
p
r
o
a
ches
a
nd
c
o
n
c
e
p
t
s
.
G
uidance
a
nd
Display
C
o
n
c
e
p
t
s
r
e
s
e
a
r
ch
involves
the
development
of
a
u
t
o
m
a
tion
c
o
n
c
e
p
t
s
a
nd
advanced
display
m
edia.
Flight
C
r
u
cial
Systems
r
e
s
e
a
r
ch
is
directed
t
o
w
a
rd
the
development
of
design,
a
s
s
e
s
s
m
e
n
t
,
a
nd
v
alidation
m
e
thodologies
for
flight
c
r
u
cial
s
y
s
t
e
m
s
.
I
n
c
r
e
a
sing
e
m
phasis
will
be
placed
o
n
developing
v
alidation
m
e
thods
for
r
e
al-time,
knowledge-based
s
y
s
t
e
m
s
in
flight
c
r
u
cial
a
p
plications.
G
e
n
e
ric
H
y
p
e
r
s
o
nics
r
e
s
e
a
r
ch
c
o
n
c
e
n
t
r
a
t
e
s
o
n
the
integration
of
flight
c
o
n
t
r
ol,
p
r
o
p
ulsion
c
o
n
t
r
ol,
s
e
n
s
o
r
s
a
nd
displays.
Subsonic
T
r
a
n
s
p
o
r
t
r
e
s
e
a
r
ch
s
e
eks
t
e
chnologies
which
will
p
r
o
vide
s
afer,
m
o
r
e
efficient
civil
t
r
a
n
s
p
o
r
t
o
p
e
r
a
tions
in
the
future
N
a
tional
Airspace
System.
The
m
ajor
thrusts
a
r
e
air-
borne
s
e
n
sing,
detection
a
nd
a
v
oidance
of
wind
shear
a
nd
the
development
of
efficient
4-D
g
uidance
a
nd
c
o
n
t
r
ol
s
y
s
t
e
m
s
leading
t
o
e
nhanced
efficiency,
s
afety
a
nd
c
a
p
a
city
in
the
t
e
r
minal
a
r
e
a
.
T
e
chnology
developments
in
a
u
t
o
m
a
t
ed
mission
m
a
n
a
g
eme
n
t
a
nd
g
oal-dlrected
flight
p
a
th
m
a
n
a
g
e
m
e
n
t
leading
t
o
a
u
t
o
m
a
t
ed
n
a
p
-
of-the-earth
flight
c
a
p
ability
a
r
e
a
r
e
a
s
of
e
m
phasis
in
the
R
o
t
o
r
c
r
aft
element.
The
focus
in
the
Fighter/Attack
element
is
o
n
advanced
g
uidance
a
nd
c
o
n
t
r
ol
c
o
n
c
e
p
t
s
for
future
s
u
p
e
r
-
agile
aircraft,
development
of
flight
v
alidation
t
e
chniques
for
imbedded
e
x
p
e
r
t
s
y
s
t
e
m
s
,
a
nd
the
development
of
m
ultidisciplinary
design
m
e
thodology
for
highly
interactive
dynamic
s
y
s
t
e
m
s
.
The
A
e
r
o
n
a
u
tical
C
o
n
t
r
ols
a
nd
G
uidance
P
r
ogram
involves
a
n
alytical
a
nd
e
x
p
e
ri-
m
e
n
t
al
r
e
s
e
a
r
ch
p
e
rformed
by
in-house,
u
niversity
a
nd
industry
p
e
r
s
o
n
n
el.
E
x
t
e
n
sive
u
s
e
of
g
rou
nd-based
simulation
is
a
characteristic
of
the
p
r
ogram
with
s
elected
flight
e
x
p
e
riments
in
a
v
a
riety
of
aircraft.
I
n
the
future,
m
o
r
e
e
m
phasis
will
be
placed
o
n
c
a
r
r
ying
the
m
o
s
t
p
r
o
mising
c
o
n
c
e
p
t
s
into
flight
e
v
aluation
a
nd
v
alidation
p
r
ograms.
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C
o
n
t
r
ols
a
nd
G
uidance
-
Space
The
S
pac
e
C
o
n
t
r
ols
a
nd
G
uidance
R
e
s
e
a
r
ch
a
nd
T
e
chnology
P
r
o
g
r
a
m
is
directed
t
o
w
a
rd
e
n
abling
the
n
e
x
t
g
ene
ration
of
s
p
a
c
e
t
r
a
n
s
p
o
r
t
a
tion
s
y
s
t
e
m
s
,
large
future
s
p
a
c
e
c
r
aft
a
nd
s
p
a
c
e
s
y
s
t
e
m
s
s
u
ch
a
s
the
g
r
o
w
th
Space
Station
t
o
have
large
c
o
m
m
u
nication
a
n
t
e
n
n
a
s
a
nd
high
p
r
e
cision
s
egmented
r
eflector
a
s
t
r
o
physical
t
elescopes.
The
n
e
w
generation
of
t
r
a
n
s
p
o
r
t
a
tion
v
ehicles
has
demanding
r
e
q
uirements
t
o
p
r
o
vide
for
a
n
o
rder
of
m
agnitude
r
eduction
in
c
o
s
t
a
s
w
ell
a
s
a
n
increase
in
c
a
p
ability.
The
future
o
rbital
facilities
have
demanding
c
o
n
t
r
ol
r
e
q
uirements
for
p
ointing
a
nd
s
t
abilization,
m
o
m
e
n
t
u
m
m
a
n
a
g
e
m
e
n
t
,
build-up
a
nd
g
r
o
w
th
a
c
c
o
m
m
odation,
a
nd
disturbance
m
a
n
a
g
e
m
e
n
t
.
T
o
address
these
advanced
r
e
q
uirements,
the
r
e
s
e
a
r
ch
a
nd
t
e
chnology
p
r
o
g
r
a
m
for
S
p
ac
e
C
o
n
t
r
ols
a
nd
G
uidance
is
designed
t
o
p
r
o
vide
the
g
e
n
e
ric
t
e
chnology
base
t
o
s
u
p
p
o
r
t
the
implementation
of
advanced
g
uidance,
n
a
vigation,
a
nd
c
o
n
t
r
ol
(GN&C).
This
t
e
chnology
has
the
c
a
p
ability
t
o
p
r
o
vide
for
a
large
r
eduction
in
both
the
n
u
mber
of
p
e
o
ple
who
plan
a
nd
generate
the
mission
s
oftware
a
nd
the
p
e
o
ple
n
e
c
e
s
s
a
r
y
later
t
o
p
r
o
vide
for
mission
c
o
n
t
r
ol.
The
e
a
rly
incorporation
of
this
t
e
chnology
into
the
s
y
s
t
e
m
s
t
udies
for
n
e
w
v
ehicles
will
also
p
o
sitively
impact
v
ehicle
design
c
o
n
c
e
p
t
s
t
o
insure
the
full
r
e
alization
of
p
o
t
e
n
tial
benefits.
The
a
r
e
a
of
c
o
m
p
u
t
a
tional
c
o
n
t
r
ols
will
be
s
t
r
e
s
s
ed
in
o
rder
t
o
develop
c
o
s
t
effective,
high
s
p
e
ed,
high
fidelity
c
o
n
t
r
ol
s
y
s
t
e
m
simulation
a
nd
a
n
alysis
a
nd
s
y
n
thesis
t
o
ols.
The
thrust
of
this
w
o
rk
will
be
t
o
develop
m
e
thods
a
nd
s
oftware
t
o
e
n
able
a
n
alysis
a
nd
r
e
al-time
hardware-in-the-loop
simulation
of
c
o
m
plex
s
p
a
c
e
c
r
aft
for
c
o
n
t
r
ol
design
c
e
r
tification.
This
c
a
p
ability
has
the
p
o
t
e
n
tial
of
a
chieving
a
4
o
rder-of-magnitude
improvement
in
the
ability
t
o
r
a
pidly
a
n
alyze
a
nd
simulate
c
o
n
t
r
ol
s
y
s
t
e
m
s
for
v
e
r
y
large
c
o
m
plex
s
p
a
c
e
c
r
aft.
T
o
address
future
o
rbital
facilities
r
e
q
uirements,
a
n
advanced
t
e
chnology
p
r
og
r
am
is
u
nderway
in
s
y
s
t
e
m
identification,
distributed
c
o
n
t
r
ol,
integrated
c
o
n
t
r
ols/structures
design
m
e
thods,
a
nd
advanced
s
e
n
s
o
r
s
a
nd
a
c
t
u
a
t
o
r
s
.
B
e
c
a
u
s
e
the
behavior
of
large,
light
w
eight
p
e
r
u
nit
a
r
e
a
deployable/assembled
s
p
a
c
e
c
r
aft
is
g
r
e
a
tly
influenced
by
the
g
r
o
u
nd
e
n
vironment
(principally
g
r
a
vity),
the
t
e
s
ting
a
nd
v
e
rification
a
c
tivity
is
both
g
r
o
u
nd-
a
nd
s
p
a
c
e
-
based.
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The
D
a
t
a
S
yst
e
ms
P
r
o
g
r
a
m
c
o
n
sists
of
r
e
s
e
a
r
ch
a
nd
t
e
chnology
devoted
t
o
c
o
n
t
r
olling,
p
r
o
c
e
s
sing,
s
t
o
ring,
m
a
nipulating,
a
nd
a
n
alyzing
s
p
a
c
e
-derived
data.
The
objectives
of
the
p
r
o
g
r
a
m
a
r
e
t
o
p
r
o
vide
the
t
e
chnology
advancements
n
e
eded
t
o
e
n
able
affordable
u
tilization
of
s
p
a
c
e
-derlved
data,
t
o
increase
s
ubstantially
the
c
a
p
ability
for
future
missions
of
o
n
-board
p
r
o
c
e
s
sing
a
nd
r
e
c
o
rding
a
nd
t
o
p
r
o
vide
high
s
p
e
ed
a
nd
high
v
olume
c
o
m
p
u
t
a
tional
s
y
s
t
e
m
s
a
n
ticipated
for
missions
s
u
ch
a
s
the
e
v
olutionary
Space
Station
a
nd
E
a
r
th
Observing
S
yst
e
m.
The
D
a
t
a
S
yst
e
ms
P
r
o
g
r
a
m
s
u
p
p
o
r
t
s
fundamental
r
e
s
e
a
r
ch
in
s
u
ch
a
r
e
a
s
a
s
laser
diodes,
s
u
p
p
o
r
t
s
w
o
rk
t
o
s
elect
a
nd
p
r
o
vide
the
a
p
p
r
o
p
riate
o
n
-board
p
r
o
c
e
s
s
o
r
t
e
chnology
for
future
N
ASA
missions,
a
nd
also
s
u
p
p
o
r
t
s
the
development
of
t
w
o
flight
p
r
o
c
e
s
s
o
r
s
with
s
p
e
cial
a
r
chitectures.
The
o
n
g
oing
s
u
p
p
o
r
t
for
s
olid
s
t
a
t
e
laser
r
e
s
e
a
r
ch
leads
directly
t
o
the
development
of
a
9
laser
diode
a
r
r
a
y
which
is
u
s
ed
in
the
O
p
tical
Disk
R
e
c
o
rder.
The
laser
r
e
s
e
a
r
ch
is
also
focusing
s
o
m
e
effort
a
p
plicable
t
o
Space
Station
data
handling
a
p
plications.
These
devices
a
r
e
being
developed
t
o
handle
both
the
300
_it/sec
basic
data
r
a
t
e
a
nd
the
m
u
ch
higher
r
a
t
e
s
n
e
eded
t
o
s
u
p
p
o
r
t
n
e
t
w
o
rking
a
nd
c
o
m
p
u
t
e
r
internal
c
o
m
m
u
nications.
C
o
m
plementary
r
e
s
e
a
r
ch
is
being
s
u
p
p
o
r
t
ed
t
o
characterize
the
fundamental
p
e
rformance
a
nd
p
r
o
p
e
r
ties
of
v
a
rious
alternative
n
e
t
w
o
rking.
N
A
SA
missions
r
e
q
uire
p
r
o
c
e
s
s
o
r
s
that
will
w
o
rk
v
e
r
y
r
eliably
in
the
s
p
a
c
e
e
n
vironment.
C
o
m
p
u
t
e
r
s
y
s
t
e
m
s
for
missions
in
p
olar
o
rbit
a
nd
s
o
m
e
planetary
missions
m
u
s
t
o
p
e
r
a
t
e
r
eliably
in
high
r
adiation
e
n
vironments.
The
D
a
t
a
S
y
st
e
ms
P
r
o
g
r
a
m
c
a
pitalizes
o
n
the
dramatic
advances
in
electronics,
c
o
m
p
u
t
e
r
s
y
s
t
e
m
s
,
a
nd
s
oftware
which
a
r
e
o
c
c
u
r
ring
in
both
the
p
ublic
a
nd
p
rivate
s
e
c
t
o
r
s
.
I
t
fosters
a
nd
leads
the
development
of
t
e
chnologies
r
e
q
uired
t
o
m
e
e
t
N
A
SA
'
s
u
nique
data
s
y
s
t
e
m
s
n
e
eds.
N
ASA
t
e
chnical
e
x
p
e
r
tise
is
being
a
p
plied
in
c
o
o
p
e
r
a
tive
a
r
r
a
n
g
e
m
e
n
t
s
with
D
O
D
,
a
nd
p
r
oducts
from
the
D
O
D
V
HSIC
p
r
o
g
r
a
m
,
a
nd
o
ther
D
O
D
developments,
a
r
e
being
a
s
s
e
mbled
into
p
r
o
c
e
s
s
o
r
s
for
t
e
s
t
a
nd
e
v
aluation.
The
Advanced
Digital
S
AR
P
r
o
c
e
s
s
o
r
includes
a
s
p
e
cial
a
r
chitecture
a
nd
algorithms
t
o
p
r
o
c
e
s
s
S
AR
data.
The
u
nit
will
have
a
c
o
m
p
u
t
e
r
a
t
e
of
6000
M
e
g
aflops
p
e
r
s
e
c
o
nd.
The
M
a
s
sively
P
a
r
allel
P
r
o
c
e
s
s
o
r
(MPP)
is
being
u
s
ed
for
g
r
o
u
nd
p
r
o
c
e
s
sing
of
s
p
a
c
e
image
data,
SAR
data,
a
nd
s
p
e
c
t
r
al
a
n
alysis.
The
M
P
P
u
tilizes
16,384
p
r
o
c
e
s
s
o
r
s
.
The
r
e
s
e
a
r
ch
a
p
plications
developed
o
n
the
M
P
P
have
v
e
rified
the
e
x
p
e
c
t
ed
t
r
e
m
e
ndous
c
o
m
p
u
t
a
tional
p
o
w
e
r
of
the
M
P
P
for
the
t
a
r
g
e
t
a
p
plications.
R
e
s
e
a
r
chers
o
u
t
side
of
N
ASA
in
s
e
v
e
r
al
u
niversities,
r
e
s
e
a
r
ch
c
e
n
t
e
r
s
,
a
nd
industry
have
been
p
r
o
vided
a
c
c
e
s
s
t
o
the
M
P
P
t
o
g
ain
a
n
u
nderstanding
of
the
c
a
p
abilities
of
the
M
P
P
a
nd
have
a
p
plied
these
u
nique
r
e
s
o
u
r
c
e
s
t
o
a
broad
r
a
n
g
e
of
c
o
m
p
u
t
a
tional
p
r
oblems.
F
u
t
u
r
e
objectives
through
the
Civil
Space
T
e
chnology
I
nitiative
in
High
R
a
t
e/High
C
a
p
a
city
D
a
t
a
include
data
s
y
s
t
e
m
a
r
chitectural
s
t
udies
for
n
e
w
s
p
a
c
e
initiatives,
significant
advances
in
t
e
chnologies
a
nd
c
a
p
abilities
for
o
n
-board
image
p
r
o
c
e
s
sing,
data
c
o
m
p
r
e
s
sion,
high
v
olume
block
a
c
c
e
s
s
s
t
o
r
a
g
e
,
data
n
e
t
w
o
rks,
s
p
e
c
t
r
o
m
e
t
r
y
a
nd
adaptive
s
e
n
s
o
r
c
o
n
t
r
ol.
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H
u
m
a
n
F
a
c
t
o
r
s
-
A
e
r
o
n
a
u
tics
The
objectives
of
the
a
e
r
o
n
a
u
tics
human
factors
r
e
s
e
a
r
ch
a
nd
t
e
chnology
p
r
o
g
r
a
m
a
r
e
t
o
p
r
o
vide
the
t
e
chnology
base
a
nd
c
a
p
ability
t
o
design
effective
c
r
e
w
-
c
o
ckpit
s
y
s
t
e
m
s
a
nd
t
o
advance
s
olutions
t
o
human
p
r
oblems
affecting
air
t
r
a
n
s
p
o
r
t
a
nd
r
o
t
o
r
c
r
aft
effectiveness
a
nd
s
afety.
Advanced
a
u
t
o
m
a
tion
t
e
chnologies,
n
e
w
information
display
c
a
p
abilities
u
nder
c
o
m
p
u
t
e
r
c
o
n
t
r
ol,
a
nd
c
o
n
c
e
r
n
for
the
effects
of
human
e
r
r
o
r
in
flight
o
p
e
r
a
tions
a
r
e
elements
which
drive
the
directions
of
the
p
r
o
g
r
a
m
.
Thus,
the
p
r
o
g
r
a
m
has
four
thrusts:
(I)
flight
m
a
n
a
g
e
m
e
n
t
;
(2)
human
e
ngineering
m
e
thods;
(3)
r
o
t
o
r
c
r
aft;
a
nd
(4)
s
ubsonic
t
r
a
n
s
p
o
r
t
s
.
Flight
m
a
n
a
g
e
m
e
n
t
r
e
s
e
a
r
ch
is
aimed
a
t
development
a
nd
e
v
aluation
of
m
e
thods
a
nd
t
e
chniques
that
allow
the
c
r
e
w
t
o
deal
with
v
a
rious
p
r
oblems
in
the
flight
e
n
vironment.
A
n
e
x
p
e
r
t
s
y
s
t
e
m
c
alled
F
a
ultfinder
w
a
s
developed
a
nd
is
being
e
v
aluated
t
o
allow
e
a
rly
detection
of
e
n
gine
failures
a
nd
t
o
r
e
c
o
m
m
e
nd
t
o
the
c
r
e
w
alternatives
in
p
o
w
e
r
m
a
n
a
g
e
m
e
n
t
for
s
afe
o
p
e
r
a
tions.
Studies
w
e
r
e
c
o
m
pleted
which
e
s
t
ablished
the
minimum
a
m
o
u
n
t
of
information
t
o
be
displayed
t
o
the
pilot
in
a
n
advanced
t
a
c
tical
aircraft.
Additional
r
e
s
e
a
r
ch
w
a
s
p
e
rformed
o
n
a
n
advanced,
three-dimensional
display
m
e
thod
which
shows
a
p
a
th
in
the
sky
t
o
be
followed
for
different
flight
r
e
gimes.
H
u
m
a
n
e
ngineering
r
e
s
e
a
r
ch
has
had
a
long
t
e
r
m
objective
t
o
implement
s
t
a
t
e
-
of-
the-art
p
s
y
chophysiological
r
e
s
p
o
n
s
e
m
e
a
s
u
r
e
m
e
n
t
m
e
thods
a
s
a
n
aid
in
c
r
e
w
w
o
rkload
a
s
s
e
s
s
m
e
n
t
.
S
eve
r
al
s
t
udies
w
e
r
e
c
o
m
pleted
which
r
e
s
ulted
in
a
n
improvement
in
s
e
n
sitivity
whereby
heart
r
a
t
e
v
a
riability
is
m
e
a
s
u
r
ed
during
v
a
rious
t
y
p
e
s
of
flight
o
p
e
r
a
tions.
W
o
rkload
a
s
s
o
ciated
with
low
demands
o
n
the
pilot
r
e
s
ult
in
boredom.
This
m
e
n
t
al
s
t
a
t
e
w
a
s
m
e
a
s
u
r
ed
a
nd
e
v
aluated
by
a
n
e
w
p
s
y
chophysiological
m
odel.
R
o
t
o
r
c
r
aft
r
e
s
e
a
r
ch
focused
o
n
the
different
kinds
of
human
visual
r
e
q
uirements
for
effective
n
a
p
-
of-earth
(NOE)
o
p
e
r
a
tions
a
nd
the
s
ubsequent
design
c
o
n
sider-
a
tions
for
helicopter
o
p
e
r
a
tions
a
nd
displays.
Studies
w
e
r
e
p
e
rformed
o
n
w
o
rk-
load
a
nd
o
p
e
r
a
tional
t
a
sks
of
pilots
involved
in
u
n
u
s
u
al
r
o
t
o
r
c
r
aft
o
p
e
r
a
tions,
s
u
ch
a
s
p
olice
s
u
r
v
eillance
a
nd
m
edical
e
v
a
c
u
a
tions.
A
data
c
ollection
p
r
og
r
am
w
a
s
initiated
t
o
gain
data
in
a
n
a
t
t
e
m
p
t
t
o
u
nderstand
a
nd
deal
with
the
high
n
u
mber
of
incidents
a
nd
a
c
cidents
in
these
t
y
p
e
s
of
o
p
e
r
a
tions.
Subsonic
t
r
a
n
s
p
o
r
t
r
e
s
e
a
r
ch,
including
c
o
m
m
u
t
e
r
a
nd
g
e
n
e
r
al
a
viation,
is
intended
t
o
develop
a
nd
e
v
aluate
t
e
chnologies
that
the
c
r
e
w
c
a
n
u
s
e
t
o
detect
a
nd
s
u
c
c
e
s
sfully
a
v
oid/escape
wind
shear
hazards.
D
a
t
a
o
n
wind
shear
s
t
a
tis-
tics,
s
t
r
u
c
t
u
r
e
a
nd
s
e
v
e
rity
w
e
r
e
c
ollected
a
nd
u
s
ed
t
o
develop
a
nd
e
v
aluate
flight
g
uidance
t
e
chniques
for
r
e
c
o
v
e
r
y
a
nd
e
s
c
a
p
e
.
C
o
n
c
e
p
t
s
for
the
display
of
wind
shear
information
a
nd
r
o
u
t
e
of
r
e
c
o
v
e
r
y
a
nd
e
s
c
a
p
e
w
e
r
e
identified
a
s
w
ell
a
nd
simulation
data
w
a
s
obtained
t
o
further
g
uide
display
development.
E
x
t
e
n
sive
plans
have
been
p
r
e
p
a
r
ed
a
nd
c
o
o
rdinated
between
A
m
e
s
R
e
s
e
a
r
ch
C
e
n
t
e
r
a
nd
L
a
n
gley
R
e
s
e
a
r
ch
C
e
n
t
e
r
for
a
n
e
w
initiative,
c
alled
A
viation
Safety/
A
u
t
o
m
a
tion,
which
will
s
t
a
r
t
in
F
Y89.
I
t
s
objective
is
t
o
focus
r
e
s
ults
of
the
e
xisting
baseline
r
e
s
e
a
r
ch
in
o
rder
t
o
improve
the
n
a
tional
airspace
t
r
a
n
s
p
o
r
t
a
tion
s
y
s
t
e
m
c
a
p
a
city
a
nd
s
afety
a
nd
t
o
demonstrate
a
nd
t
r
a
n
sfer
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effective
t
e
chnology
t
o
the
n
a
tional
a
viation
c
o
m
m
u
nity.
This
t
e
chnology
will
allow
o
p
timal
integration
of
humans
a
nd
a
u
t
o
m
a
t
ed
s
y
s
t
e
m
s
,
p
r
o
vide
human-
c
e
n
t
e
r
ed
a
u
t
o
m
a
tion
in
air
t
r
affic
c
o
n
t
r
ol
a
nd
flight
s
y
s
t
e
m
s
,
a
nd
s
u
p
p
o
r
t
a
nd
improve
human
c
a
p
abilities
through
fully
c
o
m
p
a
tible
c
o
o
p
e
r
a
tive
alr-ground
s
y
s
t
e
m
s
.
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The
objectives
of
the
space
hum
an
factors
resea
rch
and
technology
program
a
re
to
provide
a
technology
base
for
intelligent
operator
interfaces,
especially
w
ith
a
utonom
ous
subsystem
s,
a
nd
to
develop
a
n
ew
generation
of
high
perform
ance
space
suits,
gloves,
a
nd
tools/end
effectors
to
m
eet
the
requirem
ents
of
advanced
space
m
issions.
The
technology
base
is
intended
to
provide
increased
p
r
oductivity,
efficiency,
a
nd
s
afety
in
c
o
m
plex
m
a
n
n
ed
o
p
e
r
a
tions
within
a
u
t
o
m
a
t
ed
o
nboard
s
y
s
t
e
m
s
a
nd
e
x
t
r
a
v
ehicular
a
c
tivities
(EVA)
e
n
vironments.
C
r
e
w
s
t
a
tion
r
e
s
e
a
r
ch
is
the
first
of
t
w
o
m
ajor
a
r
e
a
s
.
D
e
v
elopment
of
m
e
thods
for
the
a
s
t
r
o
n
a
u
t
t
o
s
u
p
e
r
vise,
m
o
nitor
a
nd
e
v
aluate
the
p
e
rformance
of
r
obotic
s
y
s
t
e
m
s
,
o
ther
s
p
a
c
e
s
ubsystems,
a
nd
o
rbital
v
ehicles
a
r
e
key
a
r
e
a
s
of
r
e
s
e
a
r
ch.
F
u
ndamental
u
nderstanding
of
the
human
visual
a
nd
information
integration
c
a
p
abilities
p
r
o
vides
a
t
e
chnical
basis
t
o
develop
m
a
thematical,
a
n
thropometric,
a
nd
g
raphical
m
odels
of
human
interactions
with
s
p
a
c
e
s
y
s
t
e
m
s
a
nd
e
q
uipment.
The
c
a
p
ability
t
o
p
e
r
c
eive,
e
v
aluate
a
nd
c
o
n
t
r
ol
r
obotic
a
s
sistants,
c
o
m
p
u
t
e
r
-
gen
e
rat
ed
images
of
a
c
t
u
al
s
y
s
t
e
m
s
a
nd
s
p
a
c
e
s
t
r
u
c
t
u
r
e
s
,
a
nd
t
o
interact
with
s
u
ch
a
s
sistants,
s
y
s
t
e
m
s
a
nd
s
t
r
u
c
t
u
r
e
s
,
via
c
o
m
p
u
t
e
r
m
odels,
has
a
chieved
a
n
initial
feasibility
u
nder
the
n
a
m
e
virtual
w
o
rkstation
r
e
s
e
a
r
ch.
A
large
s
c
ale
m
o
ck-up
of
the
viewing
c
u
p
ola
of
the
Space
Station
p
r
o
vides
the
m
e
a
n
s
t
o
s
t
udy
the
effects
of
a
90-minute
c
y
cle
of
light-darkness
o
n
windows,
o
n
displays
a
nd
o
n
the
a
s
t
r
o
n
a
u
t
'
s
t
a
sks
in
the
c
u
p
ola
for
p
r
o
ximity
o
p
e
r
a
tions.
The
s
e
c
o
nd
m
ajor
a
r
e
a
is
development
o£
a
n
e
w
e
x
t
r
a
v
ehicular
a
c
tivity
(EVA)
s
p
a
c
e
s
uit
a
nd
gloves.
A
m
ajor
milestone
w
a
s
a
c
c
o
m
plished
with
the
c
o
m
pletion
of
the
A
X
-5
hard
s
uit
a
nd
its
initial
t
e
s
t
for
m
obility
a
nd
e
a
s
e
of
donning
a
nd
doffing.
This
s
uit
is
a
p
rime
c
a
ndidate
for
u
s
e
in
the
Space
Station
a
nd
allows
the
a
s
t
r
o
n
a
u
t
t
o
don
the
s
p
a
c
e
s
uit
without
e
x
t
e
n
sive
p
r
e
-breathing
of
o
x
y
g
e
n
.
S
t
is
being
t
e
s
t
ed
a
nd
e
v
aluated
against
a
s
e
c
o
nd
n
e
w
E
V
A
s
uit_
Z
PS
Mk.
3p
which
has
both
hard
m
e
t
al
a
nd
fabric
features.
Also
u
nder
r
e
s
e
a
r
ch
a
nd
t
e
chnology
development
is
a
p
r
oject
t
o
s
t
udy
a
nd
develop
e
nd
effector
m
e
chanisms
whereby
the
E
V
A
-
s
uited
a
s
t
r
o
n
a
u
t
c
a
n
c
o
n
t
r
ol
a
nd
s
u
p
e
r
vise
r
obotic
a
s
sistants.
A
n
important
feature
of
this
is
a
force
feedback
c
a
p
ability
whereby
the
u
s
e
r
r
e
c
eives
feedback
of
the
p
r
o
p
o
r
tional
a
m
o
u
n
t
of
force
being
a
p
plied
by
the
r
obotic
e
nd
effector
t
o
the
object
being
grasped.
Also,
the
human
factors
r
e
s
e
a
r
ch
p
r
og
r
am
includes
development
of
n
e
w
m
e
thods
t
o
display
information
o
n
the
s
p
a
c
e
s
uit's
visor
t
o
give
t
o
the
a
s
t
r
o
n
a
u
t
a
c
a
p
ability
t
o
interact
wlth
displayed
information
by
m
e
a
n
s
of
v
oice
c
o
m
m
a
nds.
E
m
phasis
in
the
s
p
a
c
e
human
factors
r
e
s
e
a
r
ch
p
r
ogram
is
placed
o
n
t
e
chnology
baseline
s
t
udies
a
nd
development
of
m
e
thods,
t
e
chniques
a
nd
data
t
o
s
u
p
p
o
r
t
p
r
oductive
a
nd
s
afe
o
p
e
r
a
tions
by
the
a
s
t
r
o
n
a
u
t
a
nd
c
r
e
w
a
s
they
interface
with
c
o
m
plex
s
y
s
t
e
m
s
,
advanced
a
u
t
o
m
a
tion,
a
nd
r
obotic
a
s
sistants.
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The
objective
of
the
Sensor
Technology
Program
is
t
o
provide
n
ecessa
ry
e
x
p
e
r
tise
a
nd
t
e
chnology
to
advance
s
p
a
c
e
r
e
m
o
t
e
s
e
n
sing
of
t
e
r
r
e
s
t
rial
planetary
a
nd
g
alactic
phenomena
through
the
u
s
e
of
electromagnetic
a
nd
electro-optic
p
r
o
p
e
r
ties
of
g
a
s
,
liquid,
a
nd
s
olid
s
t
a
t
e
m
a
t
e
rials
t
e
chnology.
The
Sensor
T
e
chnology
P
r
og
r
am
is
divided
into
t
w
o
s
ub-programs:
a
base
r
e
s
e
a
r
ch
a
nd
development
p
a
r
t
a
nd
a
Civil
Space
T
e
chnology
I
nitiative
(CSTI)
p
a
r
t
.
The
base
r
e
s
e
a
r
ch
a
nd
development
c
o
n
sists
of
r
e
s
e
a
r
ch
o
n
a
r
tificially
g
r
o
w
n
m
a
t
e
rials
s
u
ch
a
s
q
u
a
n
t
u
m
w
ell
a
nd
s
u
p
e
rlattice
s
t
r
u
c
t
u
r
e
s
with
the
p
o
t
e
n
tial
for
n
e
w
a
nd
efficient
m
e
a
n
s
for
detecting
electromagnetic
phenomena.
R
e
s
e
a
r
ch
is
also
being
done
o
n
u
nique
m
a
t
e
rials
a
nd
c
o
n
c
e
p
t
s
for
detector
c
o
m
p
o
n
e
n
t
s
a
nd
devices
for
m
e
a
s
u
ring
high
e
n
e
rgy
phenomena
s
u
ch
a
s
U
V
,
x
-
a
nd
g
a
m
m
a
r
a
y
s
that
a
r
e
r
e
q
uired
observables
in
a
s
t
r
o
physical
a
nd
s
olar
physics
missions.
The
CSTI
p
r
og
r
am
is
m
o
r
e
mission
driven
a
nd
is
balanced
a
m
o
n
g
four
m
ajor
r
e
s
e
a
r
ch
a
nd
development
disciplines:
(1)
detector
s
e
n
s
o
r
s
;
(2)
s
ub-
millimeter
w
a
v
e
s
e
n
s
o
r
s
;
(3)
L
I
D
A
R/DL%L
s
e
n
s
o
r
s
;
a
nd
(4)
c
o
oler
t
e
chnology.
The
first
discipline
plans
t
o
develop
large
s
p
a
tial
imaging
format
a
r
r
a
y
s
in
the
n
e
a
r
(I
-
30
micrometers
w
a
v
elength)
a
nd
far
(30
-
200
micrometers
w
a
v
e
-
length)
infrared
p
o
r
tions
o£
the
electromagnetic
(EM)
s
p
e
c
t
r
u
m
.
These
goals
a
r
e
c
r
u
cial
t
o
e
n
able
s
p
a
c
e
-borne
r
e
m
o
t
e
s
e
n
sing
for
the
v
a
rious
T
e
r
r
e
s
t
rial,
Planetary,
a
nd
A
s
t
r
o
physical
missions.
The
s
ubmillimeter
discipline
is
dedicated
t
o
developing
the
t
e
chnology
t
o
e
n
able
heterodyne
r
e
c
eiver
instruments
for
r
e
m
o
t
e
s
e
n
sing
in
the
300
t
o
3,000
G
H
z
frequency
r
egions
of
the
E
M
s
p
e
c
t
r
u
m
with
a
focus
o
n
developing
local
o
s
cillators,
frequency
mixers
a
nd
q
u
a
si-optlcal
t
e
chnology
in
this
r
egion.
B
a
ckward
w
a
v
e
o
s
cillators,
lasers,
a
nd
q
u
a
n
t
u
m
w
ell
devices
m
a
y
also
have
p
o
t
e
n
tial
a
s
o
s
cillators.
I
n
the
third
a
r
e
a
the
a
c
r
o
n
y
m
D
I
A
L/LIDAR
(DIAL
m
e
a
n
s
_ifferential
_bsorption
L
I
D
A
R
while
L
I
D
A
R
m
e
a
n
s
Light
_
e
t
e
c
tlon
a
nd
_
a
n
ging)
c
o
n
sists
of
r
e
s
e
a
r
ch
o
n
t
e
chniques
for
e
n
abling
a
c
tive
r
e
m
o
t
e
s
e
n
sing
in
which
a
c
oherent
s
o
u
r
c
e
s
u
ch
a
s
a
laser
is
u
s
ed
t
o
p
r
obe
the
e
n
vironment.
R
e
s
e
a
r
ch
is
c
o
n
c
e
n
t
r
a
t
ed
o
n
t
e
chnology
for
obtaining
t
u
n
able,
frequency
s
t
able,
a
nd
p
u
r
e
s
p
a
c
e
q
u
allfiable
lasers.
Finally,
in
the
last
discipline
r
e
s
e
a
r
ch
is
being
done
o
n
t
e
chnology
t
o
e
n
able
c
r
y
o
g
enic
c
o
olers
in
the
K
elvin
t
o
s
ub-Kelvln
t
e
m
p
e
r
a
t
u
r
e
r
egions
in
s
u
p
p
o
r
t
of
the
efforts
in
the
detector
a
nd
s
ubmillimeter
w
a
v
e
s
e
n
s
o
r
thrusts.
W
o
rk
includes
r
e
s
e
a
r
ch
o
n
v
a
rious
c
o
oler
c
o
n
c
e
p
t
s
s
u
ch
a
s
the
p
ulse
t
ube,
adiabatic,
H
elium
3,
a
nd
z
e
r
o
-
gra
vity
r
efrigerators
a
nd
their
c
o
r
r
e
s
p
o
nding
c
o
m
p
o
n
e
n
t
development.
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